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METHOD FOR PROCESSING COLOR
COMPONENT VALUES OF PIXEL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to 1mage processing, and
more particularly, to a method for processing color compo-
nent values for the purpose of skin tone color correction.

2. Description of the Prior Art

Different camera equipment or lighting conditions may
cause colors within captured images to deviate within a same
scene. Sometimes, this color deviation gives skin tone an
unnatural look, such as leading to an uncomiortably strong,
orange, vellow, or red tinge to the skin in an otherwise well
balanced, natural looking image.

Therefore, skin tone colors within the captured images
need to be adjusted or corrected.

SUMMARY OF THE INVENTION

With this 1n mind, the present invention provides a method
for skin tone color correction. This correction 1s achieved by
applying a color correction matrix to a color represented 1n
the form of a color component value (R, G and B) matrix so
that the color component values can be adjusted. According to
the different lighting conditions and colors, the present inven-
tion adjusts colors belonging to skin tone within the captured
image by various degrees. The determination of the color
correction matrix 1s based upon the tendency of the color
towards a red skin tone, and upon the lighting condition.
Thus, for those colors which appear too red, the present
invention prevents these colors from being oversaturated. In
addition, the present invention also provides adjustable
parameters for users to optimize the effect of color correction.

According to one exemplary embodiment of the present
invention, a method for processing a pixel having a plurality
of color component values 1s provided. The method com-
prises: utilizing a processing circuit to generate elements of a
skin color correction matrix (skin CCM) according to ele-
ments of a global color correction matrix (global CCM) and a
predetermined value corresponding to the pixel; utilizing the
processing circuit to generate elements of a current color
correction matrix (current skin CCM) according to elements
of the skin CCM, the global CCM and the color component

values of the pixel; and adjusting the color component values
of the pixel according to the elements of the current skin
CCM.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill 1n the art after
reading the following detailed description of the preferred
embodiment that 1s 1llustrated 1n the various figures and draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1llustrates a tlow chart of a method for processing a
pixel having a plurality of color component values according
to one exemplary embodiment of the present invention.

FI1G. 2 illustrates how to determine a skin tone color cor-
rection matrix SkinCCM according to one exemplary
embodiment of the present invention.

FI1G. 3 illustrates how to determine a current skin tone color
correction matrix currentSkinCCM according to one exem-
plary embodiment of the present invention.

10

15

20

25

30

35

40

45

50

55

60

65

2

FIG. 4 illustrates how to apply a current skin tone color
correction matrix currentSkinCCM to color component val-
ues for color correction according to one exemplary embodi-
ment of the present invention.

DETAILED DESCRIPTION

Please refer to FIG. 1, which 1llustrates a flow chart of the
inventive method according to one exemplary embodiment of
the present invention. Provided that the result 1s substantially
the same, the steps shown 1n the flow chart are not limited to
be executed according to the exact order shown in FIG. 1.
Additionally, only the steps pertinent to the present invention
are shown in the tlow chart of F1G. 1 for clarity and simplicity.
In other exemplary embodiments, there are available steps

that can be 1mnserted between steps of the tlow chart shown in
FIG. 1.

In step 101, the mventive method firstly distinguishes
whether a color of a pixel belongs to skin tone, wherein the
pixel 1s within a captured 1mage. In order to achieve this, the
iventive method checks color component values of the color
according to the following conditions:

R>G (a)
(G=hB (b)

RGth ()
K=< X (7

X

GBrh (d)
G < P X B

Only when all the conditions (a)-(d) are met will the color
be determined as belonging to skin tone. For condition (a), a
color component value R of the color will be compared with
a color component value G of the color; 1f R 1s greater than or
equal to G, the condition (a) 1s met. For condition (b), the
color component value G will be compared with a color
component value B of the color; 1t G 1s greater than or equal

to B, the condition (b) 1s met. For condition (c), the color

component value R will be compared with a production of

color component value G and a value

RGih

wherein the value RGth 1s a predetermined parameter, which
can be adjusted according to users’ requirement. The value
RGth will mfluence the result of determining whether the
color belongs to skin tone. Thus, 11 the users desire to set up a
wider or a narrower range of the standards of skin tone deter-
mination, the users can achieve this by changing the value
RGth. If the users set up a wider range, more colors within the
image will be determined as skin tone colors. In addition, the
value of X may be variable with scales of the values RGth and
(GBth i different embodiments of the present invention; 1n a
preferred exemplary embodiment, the value of X 1s 32. For
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condition (d), the color component value G will be compared
with the production of color component value G and the value

GBth

wherein GBth 1s also a predetermined parameter, which also
influences the result of skin tone determination and can be
modified according to users’ requirements. If one of the con-
ditions (a)-(d) 1s not met, the color will not be determined as
belonging to skin tone. According to the result of the skin tone
determination, 1f the color belongs to skin tone, the method
executes step 102; otherwise, the method executes step 108,
which directly applies a global color correction matrix Glo-
balCCM to the color of the pixel.

In a preferred embodiment of the present invention, the
global color correction matrix GlobalCCM may be:

- 15079 —0.1805 -0.3274]
—0.3113  1.5520 -0.2407
01175 -0.3774 1.4947 |

It should be noted, however, that elements of the global
color correction matrix GlobalCCM may be different in other
exemplary embodiments of the present invention, and the
above-mentioned case 1s just for illustrative purposes rather
than as a limitation. Thus, in step 108, according to the global
color correction matrix GlobalCCM, the color that does not
belong to the skin tone will be adjusted according to the
following equation.

"R']1 115079 —0.1805 —0.32741 R’
G' | =|-03113 1.5520 —-024071|| G
B | |[-0.1175 -03774 1.4%47 || B

As shown above, the color 1n the form of R, (G, and B color
component values 1s represented 1n a 3x1 matrix at the right
side of the above equation, and by the global color correction
matrix GlobalCCM, the color 1s adjusted as an adjusted color
in the form of R', G' and B' color component values.

In step 102, a skin value of the color belonging to skin tone
will be determined. The skin value 1s used to grade the ten-
dency of the color towards red skin tone, which can be deter-

mined by a minimum value V_ . from a group consisting of
values (R-G), (G-B),

and Y, wherein the values of X and Y may be variable with
scales of the values RGth and GBth, and 1n a preferred exem-
plary embodiment, the value of X 1s 32 while the value oY 1s
16. Accordingly, the skin tone colors of East Asian people will
have greater skin values than those of black people. The skin
value will influence how the invention adjusts the color of the
pixel belonging to skin tone as will be 1illustrated later. In
short, 11 the skin value of the color 1s high, the effect of the
color correction performed upon the color will be relatively
strong. I the skin value of the color 1s low, the effect of the
color correction performed upon the color will be relatively

weak.

In step 103, a predetermined value ¢ will be selected. In a
preferred embodiment of the present invention, the predeter-
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4

mined value o may correspond to the lighting condition in
which the 1mage 1s captured; however, 1n other embodiments
of the present invention, the predetermined value o may be
directly selected by the users to meet their requirements. That
1s, the predetermined value o. may be adjustable by users or
selected according to the lighting condition.

In step 104, the inventive method determines a weighting
factor SkinWeight, which will be further utilized 1n step 105
as will be illustrated later. The weighing factor Skin Weight
makes the color correction take the predetermined value o
into consideration (1.¢. 1f the predetermined value a corre-
sponds to the lighting condition, the color correction 1s there-
fore able to take the lighting condition into consideration). In
the exemplary embodiment of the present invention, the
weighing factor SkinWeight 1s determined by the following
equation:

SkinWeight=axSkinWeight  1+{1-a)xSkinWeight 0

If the predetermined value a 1s relatively high (e.g. 1n a
high lighting condition), the weighting factor SkinWeight 1s
mainly dominated by the value SkinWeight_1; otherwise
(e.g. 1n a low lighting condition), the weighting factor Skin-
Weight 1s mainly dominated by the value SkinWeight_0. The
users can choose appropriate values for SkinWeight_1 and
SkinWeight_0 for high and low lighting conditions to obtain
the best eflect of the color correction. Moreover, if the pre-
determined value a corresponds to other factors, the users
still can choose appropriate values for SkinWeight_1 and
SkinWeight_0 to obtain the desired effect of the color correc-
tion.

In step 1035, a skin tone color correction matrix SkinCCM
for the color correction 1s determined. FIG. 2 illustrates how
to determine the skin tone color correction matrix SkinCCM
according to one exemplary embodiment of this invention. As
can be seen from FI1G. 2, the skin tone color correction matrix
SkinCCM 1s determined by blending the global color correc-
tion matrix GlobalCCM with an 1dentity matrix according to
the weighting factor SkinWeight. That 1s, a weighted average
1s performed upon the elements of the Global CCM and ele-
ments of the identity matrix according to the weighting factor
Skin Weight and the weighting factor (1-SkinWeight). In this
embodiment, the skin tone color correction matrix SkinCCM
will not be directly utilized for adjusting skin tone color;
instead, the skin tone color correction matrix SkinCCM will
be further utilized for generating a current skin tone color
correction matrix currentSkinCCM. This current skin tone
color correction matrix currentSkinCCM 1s determined
according to the color component values of the color to be
adjusted. The determination of currentSkinCCM will be dii-
terent for each color within the image. Thus, the utilization of
currentSkinCCM has a better effect on the whole image than
utilization of SkinCCM, since the determination of cur-
rentSkinCCM takes the color component values 1nto consid-
eration while the determination of SkinCCM merely takes the
lighting condition into consideration. However, in other
exemplary embodiments of the present mnvention, 1t 1s also
possible to directly apply SkinCCM to the color belonging to
skin tone for color correction.

Moreover, as can be seen from FIG. 2, 1f the weighting
factor SkinWeight 1s relatively small, the skin tone color
correction matrix SkinCCM tends to be the identity matrix,
and theretore, the skin tone color correction matrix SkinCCM
has a slight influence upon the color (that is, the color changes
slightly). However, if the weighting factor SkinWeight 1s
relatively large, the skin tone color correction matrix
SkinCCM has a significant influence upon the color (that 1s,
the color changes significantly). The matrix blending by
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welghting average in the present invention simplifies the pro-
cess of determining the skin tone color correction matrix
SkinCCM. A user can arbitrarily change the effect of the skin
tone color correction by adjusting the values SkinWeight_0
and SkinWeight_1 to let the weighting factor SkinWeight
change elements of the skin tone color correction matrix

SkinCCM rather than by individually finding each appropri-
ate element of the skin tone color correction matrix

SkinCCM. The user can achieve this simple process by imnput-

ting appropriate values for SkinWeight_1 and SkinWeight_0
under a test mode. The test mode allows the user to view the

changes of the image immediately atter the values for Skin-
Weight_1 and SkinWeight_0 are inputted. Once the user feels
the values of SkinWeight_1 and SkinWeight_0 cause the

color to have a more natural look, the values of SkinWeight_1
and SkinWeight 0 can be determined.

After step 106 1s completed, the inventive method executes
step 107. In step 107, the skin tone color correction matrix
SkinCCM 1s blended with the global color correction matrix
GlobalCCM by the weighting average according to the skin
value (as a weighting factor) determined in step 102 to deter-
mine the current skin tone color correction matrix currentSk-
inCCM. FIG. 3 illustrates a detailed process for determining
currentSkinCCM. As can be seen from FIG. 3, the skin value
makes the skin tone color correction take into consideration
the tendency of the color towards a red skin tone. Via this
blending, 1f the color has a relatively large skin value (1.e.,
more red), the currentSkinCCM that 1s to be apphied will
mostly be determined by the skin tone color correction matrix
SkinCCM; otherwise, the currentSkinCCM that 1s to be
applied to the color will mostly be determined by the global
color correction matrix GlobalCCM. In other words, the

larger the skin value, the more influence SkinCCM will have
on the color; the smaller the skin value, the more influence
GlobalCCM will have on the color. FI1G. 4 illustrates how to
apply a current skin tone color correction matrix currentSk-
inCCM to color component values for color correction
according to one exemplary embodiment of the present inven-
tion. The color component values 1n the form of a 3x1 matrix
1s multiplied by the currentSkinCCM to generate the cor-
rected color component values in the form of a 3x1 matrix.
Because the skin tone color correction matrix SkinCCM 1s
derived from the weighting average on the identity matrix and
the global color correction matrix Global CCM, Global CCM
always has a stronger effect than that of SkinCCM. Thus, by
appropriate determination, SkinCCM can have the strongest

restraiming capability for red components of color than that of
GlobalCCM. Theretore, the current skin tone color correction
matrix currentSkinCCM can make a color that 1s too red have
a more natural look when the skin value 1s high.

One advantage of the utilization of the current skin tone
color correction matrix currentSkinCCM 1s that the continu-
ity of the whole captured image 1s maintained after the colors
belonging to skin tone are adjusted. Via the current skin tone
color correction matrix currentSkinCCM, skin tone colors are
adjusted 1n varying degrees according to their skin values.
Thus, not all skin tone colors are adjusted by the skin tone
color correction matrix SkinCCM, which has the strongest
elfect on red components. Most skin tone colors are adjusted
by the current skin tone color correction matrix currentSk-
inCCM, which has a weaker effect on red components. There-
fore, the differences between non skin tone colors and skin
tone colors can be reduced. The users will not notice sudden
changes at boundaries between non skin tone colors and skin
tone colors when viewing the corrected image; the continuity
of the whole 1image can be maintained.

10

15

20

25

30

35

40

45

50

55

60

65

6

The inventive method may be implemented with different
hardware architecture. For example, 1n one exemplary
embodiment, a storage device (e.g. flash memory) for storing
programs corresponding to the mventive method and a pro-
cessing circuit (e.g. digital signal processor (DSP)) for
executing computation corresponding to the inventive
method 1s an example of a possible hardware architecture.
However, this 1s just for illustrative purposes rather than as a
limitation. There are many other possible hardware architec-
tures for implementing the inventive method.

It should be noted that reference 1n the specification to “one
exemplary embodiment” or “an embodiment” means that a
particular feature or characteristic described 1n connection
with the exemplary embodiment 1s included 1n at least an
implementation. The appearances of the phrase “1n one exem-
plary embodiment™ 1n various places of the specification are
not necessarily all referring to the same exemplary embodi-
ment. Thus, although exemplary embodiments have been
described in language specific to structural features and/or
methodological acts, 1t 1s to be understood that claimed sub-
ject matter may not be limited to the specific features or acts
described. Rather, the specific features and acts are disclosed
as sample forms of implementing the claimed subject matter.

In conclusion, the present invention provides a color cor-
rection method especially for colors belonging to skin tone.
Via the present invention, color deviations due to the camera
equipment and the lighting condition can be reduced for
supplying users with a natural looking correction image.

Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.

What 1s claimed 1s:

1. A method for processing a pixel having a plurality of
color component values, comprising:

utilizing a processing circuit to generate elements of a skin

color correction matrix (skin CCM) according to ele-
ments of a global color correction matrix (global CCM)
and a predetermined value corresponding to the pixel;
utilizing the processing circuit to generate elements of a
current skin color correction matrix (current skin CCM)
according to elements of the global CCM, the skin CCM
and the color component values of the pixel; and

adjusting the color component values of the pixel accord-
ing to the elements of the current skin CCM.

2. The method of claim 1, wherein the step of utilizing the
processing circuit to generate the elements of the skin CCM
COmprises:

determining a first weighting factor and a second weight-

ing factor according to the predetermined value corre-
sponding to the pixel; and

generating the elements of the skin CCM by performing a

welghted average operation upon the elements of the
global CCM and elements of a Identity matrix according
to the first weighting factor and the second weighting
factor.

3. The method of claim 2, wherein the step of determining,
the first weighting factor and the second weighting factor
COmMprises:

determining a third weighting factor and a fourth weight-

ing factor according to the predetermined value;

generating the first weighting factor by performing a

welghted average operation upon a first value and a
second value according to the third weighting factor and
the fourth weighting factor, wherein the first value and
the second value are predetermined; and

determining the second weighting factor according to the

first weighting factor.
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4. The method of claim 3, wherein the predetermined value
1s selected according to a lighting condition corresponding to
the pixel.

5. The method of claim 1, wherein the step of utilizing the
processing circuit to generate elements of the current Skin
CCM according to elements of the global CCM, the skin
CCM and the color component values of the pixel comprises:
determining a first weighting factor and a second weight-

ing factor according to the color component values of the

pixel; and

generating the elements of the current skin CCM by per-

forming a weighted average operation upon the ele-
ments of the global CCM and the elements of the Skin
CCM according to the first weighting factor and the
second weighting factor.

6. The method of claim 5, wherein the color component
values of the pixel include a red component value R, a green
component value G and a blue component value B, and the
step ol determining the first weighting factor and the second
weilghting factor comprises:

selecting a minimum valueV_ . {rom a group consisting of

(R-G), (G-B),

8

and Y: and
determiming the first weighting factor and the second
welghting factor according to the minimum value V_ .
and Y, wherein X and Y are predetermined values and
wherein RGth and GBth are also predetermined param-
eters.
7. The method of claim 1, wherein the color component
values of the pixel include a red component value R, a green
component value G and a blue component value B, and the

10 method further comprises:

15

20

25

checking following conditions (a)-(d):

R= (a)
G=05 (b)
RGth (c)
K= X (7; and
X
GBrh (d)
< X
X

wherein the step of adjusting the color component values of
the pixel according to the elements of the current skin
CCM 1s executed only when all of the conditions (a)-(d)
are met, wherein X, RGth, and GBth are predetermined
parameters.
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